Colorimetric determinations of glycosylated haemoglobin by the thiobarbituric acid method were carried out in normal adults (n=142), newly born infants of healthy mothers (n=81), and in a group of patients with diabetes mellitus (n= 124). The glycosylated haemoglobin level in normal adult males was 4·9%, which is close to that reported for other populations. No correlation was found between age and the levels of glycosylated haemoglobin in males over 10 years old. However, the mean value for glycosylated haemoglobin in cord blood was 4·1%, significantly different from that of adults. The range values for glycosylated haemoglobin in diabetic patients was 7-1lJ'Yo. The mean value for glycosylated haemoglobin was 10.9°/." similar to that established in other diabetic populations. Results of colorimetric determinations of glycosylated haemoglobin in the Saudi population compare well with other ethnic groups and, therefore, suggest no ethnic differences in glycosylated haemoglobin levels.
In general, glycosylated haemoglobins refer to a series of stable adducts (minor components) which are formed normally between haemoglobin A (HbA) and glucose or its metabolites. I These components are collectively known as HbA(, and have often been called 'fast' haemoglobins because of their early elution from ion exchange chromatography column.? At least four HbA. fractions have been separated and designated as: HbA 1iI , HbA 1a2 , HbA II , and HbA lc ' The minor fast components together comprise 5-8%. 3 HbA lc is the most important of the minor components, accounting for~% of haemoglobin A in normal individuals. In vivo studies have shown that glycosylated haemoglobins are formed nonenzymatically throughout the 12o-day life-span of the human red cell."
Measurement of glycosylated haemoglobin levels has been shown to have considerable clinical usefulness in a variety of conditions. [5] [6] [7] It is known that glycosylated haemoglobin formation depends on mean blood glucose levels': x, 'I and on red cell life span." The Correspondence: A I Alayash.
former is the reason that glycosylated haemoglobin has been successfully used for monitoring diabetic patients, assuming normal red cell survival." Furthermore, a recent study suggested that glycosylated haemoglobin may even serve as an index of red cell survival as evidenced by its low levels in haemolytic anaemia. Ill. II In a recent comparison of Zimbabwean African subjects with Saudi and Western populations." it was suggested that there may exist some ethnic differences in the value of HbA I, when measured by the commercial quick column cation exchange chromatography. The aim of this work is to establish the levels of glycosylated haemoglobin in normal non-diabetic adults, newborn infants and in a group of diabetics in the Eastern Province of Saudi Arabia and to compare these results with that of other ethnic groups. We have chosen the thiobarbituric acid method (TBA) for the measurement of glycosylated haemoglobin, which is known to be less sensitive to interference by some variables. 13 The TBA method has the added advantage of measuring total glycosylation of haemoglobin, including the ones glycosylated at sites other than the N-terminal of the l~-chain. 14 
Materials and methods
Blood samples were collected into EDTA tubes, from normal healthy adults attending the Blood Bank of King Fahd Teaching Hospital of the University, who had no family history of diabetes, and from diabetic patients (age range 20--60 years; fasting serum glucose>7·7 mMlL) admitted to the same hospital. All diabetic patients included in this study were either treated by diet or with oral hypoglycaemic agents. Blood samples from newly born infants of non-diabetic mothers were obtained from the Obstetrics and Gynaecology Unit and were also collected in EDTA tubes. Haematological indices were determined for all samples using a haematology analyser cell Dyn 700 (Sequoia-Turner Corporation, Mountain View, CA, USA). Lysates were made according to the method of Drabkin." Cellulose acetate electrophoresis was performed on a Gelman electrophoresis system using Tris-EDTA-glycine buffer pH 9·2 on all samples and those found to have abnormal haemoglobins were eliminated from this study.
The modified thiobarbituric acid (TBA) assay of McDonald et al. II> was used for the determination of the percentage of glycosylated haemoglobin. 2 mL aliquots of the haemolysates (5% in haemoglobin) were incubated with 1 mL of 1·0 N oxalic acid, for 4·5 h at 100°C. After cooling to room temperature, one mL of 40% trichloroacetic acid was added. Upon removal of its precipitate, 2 mL aliquot of the resultant clear supernatant were mixed with a saturated solution of thiobarbituric acid. After mixing, the solution was kept at 4UOC for 3() min, after which it was cooled to room temperature. The reaction of 5-hydroxymethylfurfural (5-HMF) with TBA gave a compound with an absorption maximum at 443 nm. The extinction coefficient of E:~~=()'(16 at 443 nm was used. II' Fasting blood glucose was determined by a Duponr" automatic clinical analyser employing the hexokinase method. All colorimetric determinations were carried out using a Pye-Unicam SP-1750 spectrophotometer (Cambridge. UK). Students r-test was used for statistical comparisons and linear regression analysis was also performed on the data.
Results
The Figure healthy females were analysed; nevertheless, from this sample (n= 12) the mean value of glycosylation was not significantly different from that reported for the male population at the 5% confidence level. There was no significant correlation between the percentage of glycosylated haemoglobin and the individuals aged between 10 and 50 years (r= -0·18, P>O·I). This lack of correlation which has also been previously reported, I" allows us to pool the results of normal individuals, irrespective of age, for statistical purposes.
Although no correlation was found between the percentages of glycosylated haemoglobin and age in males over the age of JO years, there was a clear difference in the value of glycosylated haemoglobin measured in the umbilical cord blood samples. The inset for the Figure shows the frequency distribution for cord blood. The mean value for a sample of (81) was 4·1 % (SD 0,56). This value was significantly less than that of the adult Saudi population (P«).()()OI). This difference was also noted on a sample of (45) cord blood from non-diabetic American mothers reported by Abraham et al. 211 using the affinity chromatography method.
The range of glycosylated haemoglobin in the blood of 124 male and female Saudi diabetic patients was found to lie between 7 and 19%. This is in agreement with the reported range for diabetic patients in other populations. III The distribution of glycosylated haemoglobin in the Saudi diabetic population is shown in the Figure  and is also comparable to distributions reported for other populations.'?' III Fasting blood glucose test was carried out on 43 diabetic patients ranged in age from 20 to 60 years, consisting of both males and females, using the hexokinase method. Blood samples from the same patients were analysed for the percentages of glycosylated haemoglobin according to the thiobarbituric acid method. Results of fasting blood glucose and percent glycosylated haemoglobin correlated (r=0·67, P«)'()()5) in line with other studies. 17 . I"
Discussion
The measurement of glycosylated haemoglobin is becoming widely accepted as an objective quantitative index of the blood glucose levels during the period of 6-1() weeks prior to venepuncture. This index is not affected by the short-term fluctuations of blood sugar and hence gives a relatively precise reflection of the state of blood glucose control in diabetes.": It)
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The values for glycosylated haemoglobin in this study in both male and female healthy Saudi individuals were largely parallel to those reported for other populations. The normal glycosylated haemoglobin levels (4'9%) therefore suggest normal red cell survival in the Saudi population. This fact is important as it provides a baseline for comparison with glycosylated haemoglobin levels in patients with shortened red cell life-span as in the case of some haemolytic anaemias known to be prevalent in the Eastern Province of Saudi Arabia.": 22 The levels of glycosylated haemoglobin in 81 newly born infants from healthy mothers were significantly lower (4·1 % ) than in normal adults (4'9%). This is due to the shortened life-span of the young erythrocytes (neocytes) and to a concomitant reticulocytosis in fetuses compared to adnlts.?"
The present study also shows that the glycosylated haemoglobin levels for the Saudi diabetics are consistent with earlier studies. The Saudi diabetics in our study had a mean value for glycosylated haemoglobin of 10·9% (SD 2,85) which is close to the reported values of 10·8% (SD 0·2) for Swedish.P 9·6% (SD 1,82) for British/" and 12·2% (SD 2·1) for American diabetic populations.P In our limited sample of diabetic patients we could not confirm, however, the reported sex differences in glycosylated haemoglobin levels which exist between male and female diabetics aged less than 40 or more than 50 years as reported earlier. 24 Results of the colorimetric determination of glycosylated haemoglobin in normal adults, newborns and diabetic Saudi Arabs are in line with other studies.'?' Ill. 211, 23-21> The reported discrepancies'? in the level of glycosylated haemoglobin measured by several commercial chromatographic procedures may, therefore, be due to method variation rather than to differences in ethnic origin.
